alence of antibody titers against Orientia tsutsugamushi in healthy subjects who underwent a health screening program, were used as controls (control group) in the measurement of TNF-α concentrations.
Statistical analyses were conducted using the Statistical Package for the Social Science (SPSS) for Windows (version 17.0) software (SPSS Inc., Chicago, IL). Discrete variables were expressed as a percentage, and continuous variables were expressed as the median and interquartile range (IQR). The association between the biomarkers (TNF-α, C-reactive protein [CRP] , and white blood cell [WBC] ) and mortality was evaluated using the non-parametric Mann-Whitney U test. The correlations between TNF-α, CRP, WBC count, and the acute physiology and chronic health evaluation (APACHE II) score were examined using the Spearmann correlation coefficient. A P value of < 0.05 was considered statistically significant.
V. vulnificus was identified in blood or skin samples from 32 patients, of the 135 total enrolled patients. Blood samples were collected from 25 of the 32 patients at the aforementioned time points. The TNF-α levels were measured for each of these samples. Within this group of 25 patients, 11 were the non-survivor, and died of septicemia (mortality rate: 44%), whereas the rest of the 14 patients were the survivors. Additionally, 20 (80%) of the 25 patients were male with mean age of 55.1 years.
At the time of hospital admission, the median TNF-α level was determined to be 101 pg/mL (range = 2-641 pg/mL; IQR = 57.5-212.5 pg/mL). In the non-survivor group, the median TNF-α level was 261.0 pg/mL (IQR = 101.0-376.0 pg/mL), whereas the survivor group possessed a median level of 69.5 pg/mL (IQR = 17.5-103.5 pg/mL). Statistical analysis showed this difference to be statistically significant ( P = 0.001). In contrast, the median WBC count was 2,350/mm 3 (IQR = 1,500-5,700/mm 3 ) in the non-survivor group and 6,250/mm 3 (IQR = 2887.5-126,000.0/mm 3 ) in the survivor group. However, this difference was not statistically significant ( P = 0.085). Moreover, the median CRP level for the non-survivor group was 14.5 mg/dL (IQR = 9-20.5 mg/dL) and 4.75 mg/dL (IQR = 3.0-9.5 mg/dL) in the survivor group, which represents a statistically significant difference ( P = 0.005). Furthermore, using samples collected between 6 and 48 hours after antibiotic administration, the TNF-α level was found to be significantly higher in the non-survivor group ( P = 0.044) ( Figure 1 ).
The receiver operating characteristics curve was used to determine the prognostic value of the aforementioned biomarkers. At the time of hospital admission, the area under At the time of hospital admission, the median APACHE II score, which reflects clinical severity, was determined to be 19 (IQR = 13-23) in the non-survivor group and 9 (IQR = 6.75-14.0) in the survivor group showed statistically significant ( P = 0.001). Additionally, the APACHE II score was found to significantly correlate with the TNF-α level (Spearmann's rank correlation: r = 0.597, P = 0.002). However, the APACHE II score did not significantly correlate with the WBC count (Spearmann's rank correlation: r = −0.218, P = 0.295).
At an optimal TNF-α cutoff value of 100, the sensitivity and specificity for mortality prediction were determined to be 91% (95% CI = 58.7-98.5%) and 71.4% (95% CI = 41.9-91.4%), respectively. The corresponding positive and negative likelihood ratios were 3.18 and 0.13, respectively. In addition, the median TNF-α level for the control group ( N = 14) was 12.5 pg/mL (IQR = 8.9-14.9 pg/mL), which was statistically different than the TNF-α values observed for the non-survivor and survivor groups ( P < 0.001).
The mortality rate of V. vulnificus sepsis often reaches ≥ 50% because of the rapid progression of sepsis by this bacterium. Therefore, the immediate administration of potent antibiotics is essential upon diagnosis of V. vulnificus 9 Furthermore, both the prediction of disease severity and clinical outcome for patients with V. vulnificus sepsis are valuable and compulsory tools in the care for these infected individuals.
V. vulnificus lipopolysaccharides are not a strong trigger for hTNF-α release, but it is known to induce septic shock syndrome by capsular polysaccharide-mediated cytokine release. 10 A study by Powell and others 10 showed the detection of TNF-α in mouse serum samples collected up to 12 hours after injection of V. vulnificus -encapsulated parent strain, MO 6-24. Additionally, capsular polysaccharide was shown to stimulate TNF-α release from human peripheral blood mononuclear cells in a dose-dependent manner, with maximal induction observed between 6 and 10 hours following antibiotic treatment. Furthermore, pre-treatment of cirrhotic mice with novel TNF receptor immune-adhesion agents resulted in a decrease in the mortality rate from 70% to 0%, thereby implicating a potential benefit of anti-cytokine therapy.
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The hTNF-α level of septic patients infected with V. vulnificus has been shown to be 224 times higher than normal healthy volunteers. 6 However, few studies have compared hTNF-α concentrations between survivor and non-survivor groups. Therefore, in this study, we performed a comparative analysis of these two groups. In V. vulnificus septic patients, our results show a higher TNF-α level (261.0 pg/mL) in nonsurvivors relative to survivors (69.5 pg/mL). The TNF-α level was also found to be significantly higher in the non-survivor group following analysis of samples collected between 6 and 48 hours after antibiotic administration ( Figure 1 ) . The majority of V. vulnificus-related fatalities occurred within 48 hours after hospital admission caused by the rapid development of septic shock syndrome. 6 Thus, we were unable to collect blood samples from these patients 7 days after admission, and could not compare the TNF-α levels between the survivor and nonsurvivor groups. At an optimal TNF-α cutoff value of 100, the sensitivity and specificity to predict mortality was 91% (95% CI = 58.7-98.5%) and 71.4% (95% CI = 41.9-91.4%), respectively. In 10 of the 11 non-survivors, TNF-α values were shown to be ≥ 100 pg/mL, whereas the eleventh patient exhibited a TNF-α value of 92 pg/mL.
Kumar and others 12 reported a sequence of cytokine, hemodynamic, and lactate response in a murine model of Escherichia coli septic shock where TNF-α and IL-6 concentrations increased in serum 6 hours after septic insult. Then, lactate concentration started to decrease 12 hours later, and stroke volume and cardiac output decreased 18 hours later. This sequence of cytokine, hemodynamic, and lactate responses suggests that because the onset of septic shock with hypotension and lactate accumulation in serum is the critical inflection point associated with mortality, the mortality rate can be reduced by administering appropriate antibiotics before the critical point. Therefore, the measurement of serum cytokine levels at the initial septic insult may be important in the prediction of mortality for V. vulnificus septic patients.
In this study, we confirmed a significant association between hTNF-α concentration, and the severity or mortality of V. vulnificus sepsis. This association suggests that patients with dominant inflammatory cytokine responses during the early stage of sepsis may have poor clinical outcomes. Therefore, serum hTNF-α measurements might be helpful in the identification of patients who require more aggressive treatment when V. vulnificus sepsis is suspected. In conclusion, our study shows a significant increase of serum hTNF-α concentration in V. vulnificus septic patients. These results suggest that the determination of hTNF-α levels can be used as a mortality predictor in patients with V. vulnificus sepsis. 
